Objectives: This study was conducted to evaluate the effect of direct emergency department activation of the catheterization lab on door-to-balloon time (D2BT) and outcomes of acute ST-elevation myocardial infarction (STEMI) patients at a major tertiary care hospital in Riyadh, Saudi Arabia.
Introduction
R eperfusion strategies, such as thrombolytic (TL) therapy and primary percutaneous coronary intervention (PPCI), are the pillars of acute ST-elevation myocardial infarction (STEMI) treatment. There is overwhelming evidence that supports the use of PPCI over TL therapy due to evidently improved outcomes [1] . Compared with TL therapy, PPCI trials have shown a reduction in overall short-term death (7% vs. 9%), non-fatal reinfarction (3% vs. 8%), and stroke (1% vs. 2%) [2, 3] .
Time from hospital arrival to the first device that crosses the lesion in the PPCI procedure, called door-to-balloon time (D2BT), is an important factor that determines clinical outcomes of STEMI patients. Although the recommended cutoff D2BT by international guidelines is 90 minutes, PPCI programs should aim at reducing D2BT below this limit [4, 5] . Indeed, it has been shown that if D2BT is 60-70 minutes greater than doorto-needle time (time to administer TL therapy), PPCI loses its mortality advantage over TL therapy [6] [7] [8] .
International PPCI guidelines adoption in the Gulf region and Saudi Arabia remains a challenge [9] . The Gulf registry for coronary events (Gulf RACE) reported that only 46% of STEMI patients underwent PPCI, with 29.5% of them having a D2BT within the recommended range [10] . The number of hospitals with PCI capabilities, the number of hospitals with PPCI programs of 24 hours a day and 7 days a week, and the mean population served by a single PPCI center varies widely across the globe [11] . In Saudi Arabia, there are 30 hospitals with PCI capability, among which, only four hospitals offer fulltime PPCI service [11] . Moreover, the mean population served by a single PPCI center with round-the-clock service was 6,533,000 in Saudi Arabia, which is the worst among the 37 countries that participated in ''Stent for Life Survey'' [11] . Furthermore, the results of the Saudi Project for Assessment of Coronary Events (SPACE) showed that only 17.5% of STEMI patients in Saudi Arabia underwent PPCI [12] .
In June 2013, King Khalid University Hospital's (KKUH) cardiology and emergency teams established a standardized Code-STEMI program. The program's main aim was to develop a competent, highly efficient PPCI program to meet the demands and complexities of a regional program. Therefore, KKUH adopted the six D2BT reduction strategies [13] , building a full protocol for PPCI activation and evaluation. This included a PPCI activation algorithm, care map, checklists, and prospective data collection sheets.
The aim of this study was to identify the impact of applying the Code-STEMI protocol on D2BT and patient outcome at KKUH in Riyadh, Saudi Arabia.
Materials and methods
This is a quantitative, observational, retrospective cohort study. Consecutive patients who presented to the emergency department (ED) of KKUH, with STEMI and who underwent PPCI before and after the establishment of Code-STEMI were enrolled in the study. The sampling technique process was planned to enroll all patients who underwent PPCI between June 2010 and January 2015. Patients were identified Patients were chosen based on the criteria of STEMI, which involves patients who presented to the ED with chest pain and ST-segment elevation on electrocardiogram (ECG) of >1 mm in two contiguous limb leads, or 2 mm in precordial leads, and/or presumably new-onset left bundle branch block [4] . Exclusion criteria for Code-STEMI program are shown in Table 1 .
Before establishing the Code-STEMI program, the ED physician assessed patients presenting with STEMI and then consulted the on-call cardiology team who then reassessed the patients and subsequently activated the catheterization lab after STEMI status was confirmed. After introducing Code-STEMI, the attending ED physician would activate the catheterization lab directly without needing to contact the cardiology on-call team. The protocol follows specific, predetermined, documented steps aiming at reducing time from patient arrival at the ED to the time of opening his/her occluded artery. The program employs a parallel activation system where all Code-STEMI team members are contacted simultaneously. The program also introduced standardized order forms to ensure that all patients receive guideline-recommended therapies, along with other forms to direct and monitor care process. Details of Code-STEMI protocol are given in Table 1 . Copies of the original proposal and all the related forms of the program can be obtained by contacting the corresponding author.
Moreover, the program collected prospective data of different time segments along the time continuum from D2BT, providing the PPCI team with continuous feedback. The catheterization lab manager, a member of STEMI quality improvement initiative (QII) committee, generated monthly reports on the Code-STEMI status that included the following performance indicators: 1, symptom onset-to-door time; 2, door-to-ECG time; 3, ECG-to-activation time; 4, activation-to-device time; 5, door-to-device time; 6, in-hospital major adverse cardiac events; and 7, percentage of false activation. 
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J Saudi Heart Assoc 2018;30:172-179 quality department. Compiled data was shared with the catheterization lab and ED staff through bulletin boards and regular staff meetings. The intention of the feedback was to ensure that the ED and catheterization lab teams are aware of their performance, to identify any factors contributing to longer D2BT, and to introduce the necessary interventions to resolve these issues.
A detailed case report form was used to gather all pertinent clinical and angiographic data, such as age, gender, weight, height, risk factors, comorbidities, pre-hospitalization medications, PPCI angiographic data, laboratory results, in-hospital therapies, complications, and mortality. Data were collected from patients' medical records and added to an Excel-based database. Data are presented as mean ± standard deviation. BMI = body mass index; CABG = coronary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart failure; MI = myocardial infarction; PCI = percutaneous coronary intervention; STEMI = ST-elevation myocardial infarction; TIA = transient ischemic attack. Data were treated according to international guidelines, and all the individual patient-related data were kept strictly confidential. The study complied with the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board of KKUH.
A pilot study involving 20 patients was conducted to assess the quality of data and identify any issues regarding data collection or the entry process. Statistical analyses were performed using SPSS version 20.0 (IBM SPSS Statistics, Armonk, NY IBM Corp, USA).
Continuous data were presented as mean and standard deviation. D2BT was presented as median and interquartile range, and categorical data were analyzed with the Chi-square test. The p value was set at 0.05.
Results

Patient characteristics
A total of 100 patients who presented with STEMI and underwent PPCI between June 2010 and January 2015 were studied retrospectively. The cohort was divided into two groups. The first group consisted of 50 patients who were treated before establishing the Code-STEMI protocol (mean age, 54 ± 12 years; 86% were men). The second group consisted of 50 patients treated according to the Code-STEMI protocol that was initiated in June 2013 (mean age, 54 ± 12 years; 94% were men).
The baseline characteristics and medical history in both groups were similar, except for a family history of coronary artery diseases, which was significantly lower in the Code-STEMI patients (14% vs. 2%, p = 0.031; Table 2 ). Noticeably, the majority of patients in both groups were overweight (66% and 67.4%), with a high prevalence of smoking (46% and 59%) and diabetes (52% and 48%).
D2BT
The primary aim of this study was to compare D2BT in the two groups. The Code-STEMI group had a significantly lower D2BT, with a median of 76.5 minutes and an inter-quartile range (IQR) of 63-90 minutes, compared with a median of 107 minutes and IQR of 74-149 minutes in pre-Code-STEMI patients (Fig. 1 ). In addition, 70% of Code-STEMI patients had a D2BT within the recommended 90 minutes compared with only 26% of pre-Code-STEMI patients.
In-hospital complications
Although the study was designed to examine the effect of Code-STEMI program on D2BT, we noticed a trend in the reduction of major inhospital complications in Code-STEMI patients (Table 3 ). However, reduction in recurrent myocardial infarction was the only complication that was statistically significant (8% vs. 0%, p = 0.043). In-hospital mortality was low in both groups and showed no difference.
Discussion
In this study, we found that the implementation of Code-STEMI protocol for patients presenting to the ED of KKUH with STEMI improved D2BT and reduced in-hospital complications. These results are similar to previously published studies from Western countries [14, 15] . For example, four studies with sample sizes of 44, 97, 88, and 470 patients showed statistically significant reduction in the D2BT [15] [16] [17] [18] . A 5-year population study that included STEMI patients from the Centers for Medicare and Medicaid Services in the United States showed improved D2BT over this time period [19] .
In our study, the mean age of presentation was 54 ± 12 years, which is almost a decade earlier than that reported in developed countries [20] . This observation was similar to the findings of the Saudi Registry (SPACE) [12] and the Third Gulf Registry of Acute Coronary Syndrome Events (Gulf RACE-3Ps) [10] . Furthermore, our patients have a high prevalence of risk factors for coronary artery diseases, especially diabetes mellitus, smoking, hypertension, and obesity, which is similar to the observations of larger registries from the region [10, 12] . This emphasizes the need for the introduction of well-designed 
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The D2BT of less than 90 minutes has been shown to be associated with a reduction in major in-hospital complications [10, 21] . Although we did not detect any reduction in the overall occurrence of in-hospital complications in the Code-STEMI group, we observed a decrease in three of the five main in-hospital complications (heart failure: 4% vs. 0%, p = 0.157; bleeding: 18% vs. 16%, p = 0.825; and re-infarction: 8% vs. 0%, p = 0.043). However, we believe that our study's sample size is not large enough to detect statistically significant differences in the in-hospital complications between the two groups.
The success of the Code-STEMI protocol is likely related to the strategies it employs. The first strategy aimed to reduce the steps required for the activation of the catheterization lab. This was accomplished by authorizing ED physicians to directly activate the catheterization lab without cardiac team consultation. The second strategy was enabling the ED physicians to simultaneously contact the interventional cardiologist and the catheterization lab staff. These two strategies have been shown to significantly shorten the catheterization lab team arrival time [13] .
PPCI is considered as the first-line reperfusion therapy for STEMI patients if it is performed in a timely fashion. Recent guidelines recommend the transfer of patients who present with STEMI from non-PPCI-capable hospitals to PPCIcapable hospitals if the first medical contact-todevice time will be reserved to less than 120 minutes. However, when PPCI is unavailable, as in many areas across Saudi Arabia and the Gulf countries, a pharmacoinvasive strategy is recommended. This includes early fibrinolysis followed by transfer of the patient to a PCI center for immediate or non-urgent coronary angiography to determine the need of PCI within 3-24 hours [22] .
Our study had several limitations: a retrospective design, non-randomized sample, small sample size, and samples from a single center. Additionally, our cohort represented a highly selected STEMI population; the post-cardiac arrest and cardiogenic shock patients were excluded because they did not qualify for direct catheterization lab activation and likely accounted for the reported very low event rate. These limitations threatened the study's generalizability to the rest of the country and the region. Further limitations include lack of adequate assessment of time intervals within D2BT in the pre-Code-STEMI group. We were also unable to determine the number of other STEMI patients who did not undergo primary PCI, whether they did or did not receive any reperfusion therapy and their outcomes because our institution did not have a database for acute coronary syndrome patients.
There are only a few PPCI centers in Saudi Arabia with a round-the-clock service or with Code-STEMI protocol. If more Saudi hospitals implement such programs, more data can be generated to conduct larger studies with enough power to examine the full effect of these programs on STEMI outcomes.
Conclusion
The Code-STEMI protocol implementation was associated with a significant reduction in D2BT.
